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SURFHVVSDUDPHWHUVWRUHIOHFWWKHWUXHEHKDYLRXURIRXWSXWSDUDPHWHUVRIVWXG\7KH SURFHVVSDUDPHWHUVDQGWKHOHYHOV
VHOHFWHGIRUWKLVLVOLVWHGLQ WDEOH 7KHH[SHULPHQWDOGHVLJQZDVDFFRUGLQJWRDQ/ DUUD\EDVHGRQ7DJXFKLPHWKRG
7DEOH0LQLWDEVRIWZDUHZDVXVHGIRU7DJXFKLDQDO\VLV
7DEOH,QSXW3DUDPHWHUVDQG/HYHOV
3DUDPHWHU 6\PERO /HYHO /HYHO /HYHO
0DFKLQHXQLW $FWXDOYDOXH 0DFKLQHXQLW $FWXDOYDOXH 0DFKLQHXQLW $FWXDOYDOXH
3XOVHRQ7LPH ȝV $      
3XOVHRIIWLPH ȝV %      
6HUYRYROWDJH9 &      
3UHVVXUH.JFP '      
:LUHIHHGPPLQ (      
:LUHWHQVLRQ1 )      
7DEOH([SHULPHQWDO'HVLJQ7DJXFKL/
([SHULPHQW1R 7RQ 7RII 69 :3 :) :7
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 7DJXFKLRSWLPL]DWLRQPHWKRG
7DJXFKL¶V PHWKRG ZDV DSSOLHG WR LGHQWLI\ WKH RSWLPXP OHYHOV RI SURFHVV SDUDPHWHUV IRU HDFK SHUIRUPDQFH
FKDUDFWHULVWLF LQGLYLGXDOO\ 7KH RSWLPXP FRQGLWLRQ LV LGHQWLILHG E\ VWXG\LQJ WKH PDLQ HIIHFWV RI HDFK RI WKH
SDUDPHWHUV7KHPDLQHIIHFWVLQGLFDWHWKHJHQHUDOWUHQGVRILQIOXHQFHRIHDFKSDUDPHWHU7KHDQDO\VLVRIYDULDQFHLV
WKHVWDWLVWLFDOWUHDWPHQWPRVWFRPPRQO\DSSOLHGWRWKHUHVXOWVRIH[SHULPHQWVLQGHWHUPLQLQJWKHFRQWULEXWLRQRIHDFK
SDUDPHWHU ,Q WKH7DJXFKLPHWKRG61UDWLRLVWKHPHDVXUHRITXDOLW\FKDUDFWHULVWLFVDQGGHYLDWLRQIURPWKHGHVLUHG
YDOXH 61UDWLRV ZHUHGHWHUPLQHG IRUPDWHULDOUHPRYDOUDWH ODUJHU LV WKH EHWWHUFULWHULRQ E\XVLQJ HTXDWLRQ IRU
VXUIDFHURXJKQHVVDQGGLPHQVLRQDOGHYLDWLRQWKH ±VPDOOHU LV WKH EHWWHUFULWHULRQ E\XVLQJ HTXDWLRQ
ൌ െ   
ൌ െ   
 7KH8WLOLW\FRQFHSW
$FXVWRPHU HYDOXDWHV D SURGXFW RQ D QXPEHU RI GLYHUVH TXDOLW\ FKDUDFWHULVWLFV 7R EH DEOH WRPDNH D UDWLRQDO
FKRLFH WKHVH HYDOXDWLRQV RQ GLIIHUHQW FKDUDFWHULVWLFV VKRXOG EH FRPELQHG WR JLYH D FRPSRVLWH LQGH[ 6XFK D
FRPSRVLWHLQGH[UHSUHVHQWVWKHXWLOLW\ RID SURGXFW 7KH RYHUDOOXWLOLW\RIDSURGXFWLVWKHVXPRIXWLOLWLHVRIHDFKRI
WKHTXDOLW\FKDUDFWHULVWLFV
7KXVLI [L LV WKHPHDVXUHRIHIIHFWLYHQHVVRIWKHDWWULEXWHFKDUDFWHULVWLF L DQGWKHUHDUH Q DWWULEXWHVHYDOXDWLQJWKH
RXWFRPHVSDFHWKHQWKHMRLQWXWLOLW\IXQFWLRQFDQEHH[SUHVVHGDV
ሺ ǡ ǡ Ǥ Ǥ Ǥ ǡ ሻ ൌ ሾ ሺ ሻǡ ሺ ሻǡ Ǥ Ǥ Ǥ ǡ ሺ ሻሿ 
,QOLQHDUFDVHWKHIXQFWLRQEHFRPHV
ሺ ǡ ǡ Ǥ Ǥ Ǥ ǡ ሻ ൌ σ ሺ ሻ  
:KHUH :LLVWKHZHLJKWDJHDVVLJQHGWRWKHDWWULEXWH L DQGWKHVXPRIWKHZHLJKWDJHVIRUDOODWWULEXWHVLVHTXDOWR
,IWKHFRPSRVLWHPHDVXUHWKHRYHUDOOXWLOLW\LV WREH PD[LPL]HGWKHTXDOLW\FKDUDFWHULVWLFVFRQVLGHUHGIRUHYDOXDWLRQ
RIXWLOLW\ZLOODXWRPDWLFDOO\EHRSWLPL]HGPD[LPL]HGRUPLQLPL]HGZKDWVRHYHUWKHFDVHPD\EH
$W ILUVW SUHIHUHQFH VFDOHIRUHDFKTXDOLW\FKDUDFWHULVWLFLVFRQVWUXFWHG7RGHWHUPLQHWKHXWLOLW\YDOXHIRUDQXPEHU
RI TXDOLW\ FKDUDFWHULVWLFV ODWHU WKHVH VFDOHV DUH ZHLJKWHG WR REWDLQ D FRPSRVLWH QXPEHU RYHUDOO XWLOLW\ 7KH
SUHIHUHQFHVFDOHVKRXOGEHDORJDULWKPLFRQH7KHPLQLPXPDFFHSWDEOHTXDOLW\OHYHOIRUHDFKTXDOLW\FKDUDFWHULVWLFLV
VHWRXWDWSUHIHUHQFHQXPEHUDQGWKHEHVWDYDLODEOH TXDOLW\LVDVVLJQHGDSUHIHUHQFHQXPEHU RI,IDORJVFDOHLV
FKRVHQWKHSUHIHUHQFHQXPEHU3LLVJLYHQE\ HTXDWLRQ
ൌ ሺ Ȁ ሻ
:KHUH [L DQ\YDOXHRITXDOLW\FKDUDFWHULVWLF
;L  PLQLPXPDFFHSWDEOHYDOXHRI TXDOLW\ FKDUDFWHULVWLF
$  DFRQVWDQW
$WRSWLPXPYDOXH[LRIDWWULEXWH L3L 
6R
ൌ ሺ כȀ ሻ
7KHYDOXHRI $ FDQEHGHWHUPLQHGIURPWKHDERYH HTXDWLRQ7KLV YDOXHRI$FDQEHXVHGWRFRQVWUXFWSUHIHUHQFH
VFDOHE\XVLQJHTXDWLRQ
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7KH QH[W VWHS LV WR DVVLJQ ZHLJKWV RU UHODWLYH LPSRUWDQFH WR WKH TXDOLW\ FKDUDFWHULVWLFV 7KLV DVVLJQPHQW LV
VXEMHFWLYHDQGEDVHGRQH[SHULHQFH0RUHRYHU LWGHSHQGVRQ WKHHQGXVHRI WKHSURGXFWRU LWPD\GHSHQGRQ WKH
FXVWRPHU¶VUHTXLUHPHQWV7KHZHLJKWDJHVKRXOGEHDVVLJQHGVXFKWKDWWKHIROORZLQJFRQGLWLRQLVVDWLVILHG
σ  
7KHRYHUDOOXWLOLW\FDQEHFDOFXODWHGDV
8M σ L3L
:KHUH M  SURGXFWLQGH[
 5HVXOWV DQGGLVFXVVLRQV
7KHH[SHULPHQWDOUHVXOWVDQG61UDWLRV IRUPDWHULDOUHPRYDOUDWHVXUIDFHURXJKQHVVDQGGLPHQVLRQDOGHYLDWLRQ
DUHJLYHQLQ7DEOH H[SHULPHQWVZHUHFRQGXFWHG WR SUHSDUHVTXDUHSXQFKHVRIVL]HîPPVKRZQLQ )LJ
,QWKHSUHVHQWVWXG\DOOWKHGHVLJQVSORWVDQGDQDO\VLVKDYHEHHQFDUULHGRXWXVLQJ0LQLWDEVWDWLVWLFDOVRIWZDUH
7DEOH (H[SHULPHQWDOUHVXOWV DQG61UDWLRV
([SHULPHQW1R
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)LJ6TXDUHSXQFKHV RIî PP
2SWLPDOUHVXOWVIRULQGLYLGXDOFKDUDFWHULVWLF
8VLQJ7DJXFKL¶VDQDO\VLVDQG$129$WKHRSWLPDOVHWWLQJVIRU05565DQG''ZHUHGHWHUPLQHGVHSDUDWHO\
ZKLFK DUH JLYHQ LQ WDEOH2SWLPXPYDOXHV RI05565 DQG'' DUH SUHGLFWHG DVPPPLQ  PDQG
UHVSHFWLYHO\
7DEOH2SWLPXPFRQGLWLRQVXVLQJ7DJXFKL2SWLPL]DWLRQPHWKRG
6O1R 3URFHVVSDUDPHWHU 0DWHULDO5HPRYDO5DWH
PPPLQ
6XUIDFH5RXJKQHVV
ȝP
'LPHQVLRQDO GHYLDWLRQ

%HVWOHYHO 9DOXH %HVWOHYHO 9DOXH %HVWOHYHO 9DOXH
 3XOVHRQ7LPH ȝV      
 3XOVHRIIWLPH ȝV      
 6HUYRYROWDJH9      
 'LHOHFWULFSUHVVXUH.JFP      
 :LUHIHHGPPLQ      
 :LUHWHQVLRQ1      
 $QDO\VLVRIPXOWLSOHUHVSRQVHFKDUDFWHULVWLFVE\XVLQJ 8WLOLW\ )XQFWLRQ
7KHSUHIHUHQFHVFDOH DQG XWLOLW\ YDOXHRIHDFKH[SHULPHQWLV FDOFXODWHG E\XVLQJWKHHTXDWLRQVPHQWLRQHGLQVHFWLRQ
;LLV VHOHFWHG DV  DQG  IRU05565DQG'' UHVSHFWLYHO\)RU WDNLQJ WKHVH YDOXHV LW LV DVVXPHG WKDW DOO
REVHUYHGYDOXHVRI055DUHJUHDWHUWKDQPPPLQ OHVVWKDQ P IRU65 DQGOHVVWKDQ  IRU'' 7KH FXVWRPHU
UHTXLUHPHQWVDQGSULRULWLHVZHUHWDNHQ LQWRFRQVLGHUDWLRQZKLOHGHFLGLQJWKHZHLJKWVRISHUIRUPDQFH FKDUDFWHULVWLFV
+HUH WKUHHFKDUDFWHULVWLFVDUHFRQVLGHUHGDVHTXDOO\LPSRUWDQW
LH :055 :65 :''  
6LQFH XWLOLW\ LV D KLJKHUWKHEHWWHU +% W\SH RI TXDOLW\ FKDUDFWHULVWLF 61 KDV EHHQ XVHG7KH SUHIHUHQFH VFDOH
XWLOLW\ YDOXHVDQGWKH61UDWLRVDUHJLYHQLQ 7DEOH7KHGDWDIURP7DEOHLVSORWWHGLQILJXUH,WLVFOHDUIURPWKH
ILJXUHWKDWILUVWOHYHORISXOVHRQWLPH$VHFRQGOHYHORISXOVHRIIWLPH%ILUVWOHYHO RIVHUYRYROWDJH&
WKLUGOHYHORIZDWHUSUHVVXUH'WKLUGOHYHORIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)ZRXOG\LHOGEHVW
SHUIRUPDQFHLQWHUPVRIXWLOLW\YDOXHZLWKLQWKHVHOHFWHGUDQJHRISDUDPHWHUV7KH$129$IRUUDZGDWDXWLOLW\DQG
61GDWDDUHJLYHQ LQ7DEOHV ,W LVVHHQ WKDWSXOVHRQ WLPH$SXOVHRII WLPH%VHUYRYROWDJH&DQGZDWHU
SUHVVXUH ' VLJQLILFDQWO\DIIHFWERWKPHDQRI XWLOLW\YDOXHVDQG61 UDWLRV VLQFHDOO WKHVHSURFHVVSDUDPHWHUVDUH
VLJQLILFDQW DWFRQILGHQFHLQWHUYDOLQERWKWKH$129$V)URP7DEOHDQGLWFDQEHVHHQWKDWSXOVHRQWLPH
LV WKH PRVW VLJQLILFDQW SDUDPHWHU LQ DIIHFWLQJ XWLOLW\ IXQFWLRQ IRU055 65 DQG '' 7KLV LV IROORZHG E\ ZDWHU
SUHVVXUHSXOVHRIIWLPHVHUYRYROWDJHZLUHWHQVLRQDQGZLUHIHHGLQWKDWRUGHU
1870   Bijo Mathew et al. /  Procedia Materials Science  5 ( 2014 )  1863 – 1872 
7DEOH3UHIHUHQFH VFDOH8WLOLW\YDOXHDQG61UDWLR RI 8WLOLW\YDOXH
([SHULPHQWDO
QXPEHU
3UHIHUHQFH6FDOH3L 8WLOLW\YDOXH 61UDWLRIRU
8WLOLW\YDOXH
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